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D + 5 < 50 gives D < 45 . 

Then, the spring index can be found. 
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Force acting when the spring is compressed to its solid length is: The torsional endurance limit is given as 310 MPa that is corrected for surface 

finish and size (k a =kb= 1). 

F s =ky = k(L f -L s ) = 12.3(70-37) = 406 N 
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Checking critical frequency: 
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(a) We know the most abou: point A, so we’ll calculate the total energy there. 

Ea = U sA + U gA = { -kx 2 A - mgx A = X - ■ 2.50 ■ 10 4 N/m • (-0.100 m) 2 + 25.0 kg- 9.8 m/s 2 ■ (-0.100 m) = 100.5 J 

(b) Conserving energy between A and C 


(c) Conserving energy between A and B 


E A =Ec = Ugc = mgx c 
_Ea__ 100.5 J 

' VC mg 25.0 kg-9.8 m/s 2 


0.410 m 


E A =E B =K B = ~mvjj 


/2-100.5 J 
25.0 kg 


: 2.84 m/s 


(d) 1 he kinetic energy is maximized when the speed is maximized which occurs at the point where the accelerating spring force 
balances the decelerating gravitational force. Before this point, the spring force exceeded the gravitational force and the child was 
speeding up. Afterward, the gravitation force exceeded the spring force and the child was slowing down. 


F s == -kx = -F g = mg 


mg 25.0 kg -9.8 m/s 2 


k 2.50-10 4 N/m 

(e) Conserving energy between A and the point of maximum velocity D 


= -0.00980 m= 9.80 mm 


Ea = Eh = UiO + U g D +Kq 


Kd = - mv l D 


1 ~ UsO - UgD = E a — ~hc D - mgxo 

2 E a - kx 2 D - 2mgx D 


j 2 ■ 100.5 J- 2.50-10 4 N/m ■ (-9.80 -10 ~ 3 m) 2 - 2 • 25.0 kg • 9.8 m/s 2 ■ (-9.80 -10“ 3 m) 

V 25.0 kg (20) 

= 2.S5m/s (21) 

Problem 62. A roller coaster ctr is released from rest at the top of the first rise and then moves freely with negligible friction. The roller 
coaster shown in Fig. P7.62 has a circular loop of radius R in the vertical plane, (a) First, suppose the car barely makes it around the 
loop, at the top of the loop the riders are upside down and fee! weightless. Find the required height of the release point above the bottom 
of the loop, in terms of R. (b) New assume that the release point is at or above the minimum required height. Show that the normal force 
on the car at the bottom of the loop exceeds the normal force at the top by six times the weight of the car. The normal force on each rider 

follows the same rule. Such a large normal force is dangerous and very uncomfortable for the riders. Roller coasters are therefore not 

build with circular loops in vertical planes. Figure P5.24 and the photograph on page 134 show two actual designs. 

(a) Because the riders feel weightless at the top of the loop (point T), we will assume that they are in free fall with a centerwards 
acceleration ofg = Vj-/R. Conserving energy between T and the release point A 

1 , 

E a = mgh = E t = -mv T + mg(2R) (22) 

h = —yr + 2R=^+2R = 2.5R (23) 

(b) If the release comes from a higher point, there will be some normal force at the top N T and at the bottom N B . Summing forces at 
both points 

v 2 

X f cT = mg + N T = m-E ( 24 ) 

i Nt 

v T =gR + R — (25) 


Y, f cB = -mg + N B = i 

j Nr 

v| = -gR + R-l 
m 


2 



And conserving energy between the top and bottom 


Eb = 2 mv l = E t = -mvj -\-mg{2R) 

o i Nr Nr 

V B = vj- + 4gR = -gR + R — =gR + R—L -\-4gR 
m m 

Ng = Nj + 6mg 


(28) 

(29) 

(30) 
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